Abstract Novel benzoazoles, benzoazines, benzothiazoles, benzothiazines and other related compounds possessing a 2,4-dihydroxyphenyl moiety were prepared. The compounds were obtained by the reaction of sulfinylbis[(2,4-dihydroxyphenyl)methanethione]s with the appropriate heterocyclic amines or hydrazines. The structures of the compounds were proved by IR, 1 H NMR, and mass spectral data. Human cancer lines, Candida species and phytopathogenic fungi were used for the evaluation of biological potency of compounds. Additionally, drug-like properties were estimated in silico.
Introduction
Nitrogen and sulfur heterocycles have received a great deal of attention in the literature due to their role as active pharmacophores. Benzothiazines are a group of bioactive compounds known to have anticancer, diuretic, and anti-hypertensive activities [1, 2] . The representatives of this heterocyclic class are assumed to possess biological activities since they might provide the heteroatoms as potential hydrogen bond acceptors and the fused phenyl ring for possible p-p interactions. In particular, 1,2-benzothiazine and 1,3-benzothiazine derivatives have exhibited promising pharmacological properties: anti-inflammatory, antitumor and antiproliferative activity [3, 4] , as well as antomicrobial activity [5] [6] [7] [8] . 4H-1,4-benzothiazines exhibited antifungal potency against Aspergillus fumigates and Candida albicans [9, 10] . The derivatives of 12(H)-quino [3,4-b] [1, 4] benzothiazine showed antiproliferative activity against two cancer cell lines, SNB-19 and C-32 [11] , while 6-substituted 9-fluoroquino [3,2-b] benzo [1, 4] thiazines exhibited cytotoxicity as well as antiproliferative actions against human peripheral blood mononuclear cells stimulated with phytohemagglutinin A (PHA) [12] .
Coupling of 2-alkylthiobenzimidazole with the b-lactam ring produced compounds with antibacterial and antifungal activities [13] . Attachment of other heterocycles like b-lactam, thiadiazole and oxadiazole to the benzimidazole skeleton resulted in hybrid compounds of potent antibacterial and/or antifungal properties [14] [15] [16] . A pyridobenzimidazole derivative with unique activities, called D75-4590, is a specific inhibitor of b-1,6-glucan synthesis and exhibits potent activities against various Candida species [17] . The series of methyl-4H-1-benzopyran-4-ones carrying mono-or diamidinobenzimidazoles at different positions have been described for antibacterial and antifungal activities [18] . Methylbenzimidazoles are an important class of compounds for cytotoxic activity against human tumour cell lines [19] .
Recently, there have been various approaches to study the role of the benzothiazole moiety as antimicrobial [20] [21] [22] [23] , anticancer [24] [25] [26] [27] and antifungal agents [22, [28] [29] [30] . It has been shown that some benzothiazole dimers were free from irritation, teratogenicity and sensitivity properties compared to monomers and that the increase in the hydrogen donor count is conductive for cytotoxic activity of derivatives against the HL-60 cell lines [31] . The novel N-alkylbromobenzothiazoles have been evaluated for their anticancer potency [32] . The derivatives of imidazo [2,1-b] [1, 3] benzothiazole have been reported for their strong inhibitory activity against bacterial and fungal strains [33] .
Modifications on the heterocycle nucleus resulted in a large number of compounds characterized by diverse pharmacological activities. The biological profiles of new generations of benzothiazoles, benzimidazoles and benzthiazines represent much progress as regards the older compounds. Looking into the medicinal importance of these compounds' moiety, it was thought worth synthesizing some newer derivatives and screening them for their biological activities.
To extend our studies in this area, a set of new heterocyclic analogs with 2,4-dihydroxyphenyl functionality were designed and obtained. Following from previous studies, this group of compounds exhibits strong antifungal and antiproliferative activity [34] [35] [36] [37] [38] [39] . This paper presents the in vitro antifungal potency of compounds against the panel phytopathogenic fungi and Candida strains as well as cytotoxic potency against human cancer cell lines. Some properties of compounds in silico were estimated to explain the influence of the structure of the compounds on their biological properties.
Experimental Chemistry

General
Melting points (m.p.) were determined using a BÜ CHI B-540 (Flawil, Switzerland) melting point apparatus. The elemental analysis (C, H, N) was performed on a Perkin-Elmer 2400. The IR spectra were measured with a Perkin-Elmer FT-IR 1725X spectrophotometer (in KBr) or a Varian 670-IR FT-IR spectrometer (ATR) in the range of 600-4000 cm -1 . The NMR spectra (1D NMR) were recorded in DMSO-d 6 using a Varian Mercury 400, Bruker DRX 500 (Bruker Daltonics, Billerica, MA, USA) or Tesla BS 567A (100 MHz). Chemical shifts (d, ppm) have been described in relation to tetramethylsilane and coupling constants (J) are expressed in Hz. The MS spectra (EI, 70 eV) were recorded using the apparatus AMD-604.
The purity of the compounds was examined by HPLC Knauer (Berlin, Germany) with a dual pump, a 20-lL simple injection valve and a UV-visible detector (275 and 330 nm). The Hypersil Gold C18 (1.9 lm, 100 9 2.1 mm) column was used as the stationary phase. The mobile phase included different contents of MeOH and the aqueous phase (acetate buffer, pH 4, 20 nM). The flow rate was 0.4 ml/min at room temperature. The retention time of an unretained solute (t o ) was determined using KCl. The log k values for 80 or 65% of MeOH (v/v) in the mobile phase are presented. They were calculated as log k = log(t R -t o )/t o , where t R is the retention time of a solute, and t o the retention time of an unretained solute. Synthesis and biological activity of novel benzoazoles,… 6171
General procedure for the synthesis of compounds 1-12
A mixture of the corresponding amine or hydrazine (5 mmol) (1a-12a) and STB (10 mmol) in MeOH (80 mL) ( Fig. 1 (16) 53 (9), 52 (7), 44 (6), 39 (11), 36 (4).
Computational methods
The Clog P values and molar refractivity MR were calculated using the ChemDraw Ultra 10.0 according to the fragmentation method introduced by Crippen [40] . The tPSA was calculated by Virtual Computational Chemistry Laboratory [41] . The polar surface area (tPSA) was estimated by the atom-based method [42] .
Biological assays
Antiproliferative assay
The following human cell lines were applied in the antiproliferative assay in vitro: T47D (breast cancer), SW707 (rectal adenocarcinoma), and A549 (nonsmall cell lung carcinoma) from the American Type Culture Collection (Rockville, MD, USA), and HCV29T (bladder cancer) from the Fibiger Institute, Copenhagen, Denmark. The SRB test measuring the cell proliferation inhibition in the in vitro culture was applied [43] . The experiments were repeated at least 3 times. The IC 50 values were calculated by Cheburator 0.9.0 software [44] . The details were described previously [45] .
Activity of the compounds against phytopathogenic fungi
In vitro tests estimating the inhibition of mycelium growth in the agar culture medium caused by the compound under investigation were performed. The five strains of phytopathogenic fungi: Alternaria alternata, Botrytis cinerea, Rhizoctonia solani, Fusarium culmorum, and Phytophthora cactorum were used. The solutions (suspensions) were prepared with concentrations making it possible to obtain 200 and 20 lg/mL of the studied substance after dilution with the agar culture medium (PDA). Petri scale pans were used into which the agar culture medium and the studied substance were poured. When the culture medium set, the infectious material of the tested fungus in the form of agar discs overgrown with mycelium were placed at three sites on its surface. After 3-5 days (temperature 22 ± 1°C) depending on the mycelium culture, the linear growth of the mycelium was measured. The compound action was determined from the percentage of mycelium growth inhibition compared with the control using the equation: J = (C -T)/ C 100%, where J is the percentage of mycelium growth inhibition, C the zone of mycelium growth in the control combination (mm), and T the zone of the mycelium growth in the combination with the compound (mm). Carbendazim (Sarfun 500 SC; Organica, Chemical Comp., Nowa Sarzyna, Poland) and procymidone (Sumilex 500 SC; Sumitomo Chemical Comp, Japan) were used as standards. The results are given in the five-degree scale, determining the percentage of mycelium growth inhibition compared with the control. Biological studies were carried out in the Institute of Industrial Organic Chemistry in Warsaw with the SPR/BFF/01/b procedures (certificate GLP-OECD-1997) [36] .
Antifungal activity of the compounds against the fungi Candida
Fifty strains of Candida albicans taken from the mouth cavity of patients suffering from tumors were used as the selective material. Itraconazole and fluconazole were administered for prophylaxis or due to the symptoms of candidosis. The isolates resistant to the antifungal drugs were chosen for the dilution method testing the compounds. In addition, the strain was used for comparison with the American Type Culture Collection (University Boulevard, Manassas, VA, USA) C. albicans (ATCC 10231).
Six isolates of non-albicans Candida (two isolates of C. tropicalis, one each of C. glabrata, C. krusei, C. paratropicalis, and C. tropicalis) (n = 6) were tested. The drug resistance by Fungitest Ò was also determined for them. The MIC values were determined by the agar dilution procedure according to the National Committee for Clinical Laboratory Standards reference document M27 [46] . The details were presented by Matysiak et al. [47] . Itraconazole (Pliva, Krakow, Poland) and fluconazole (Janssen-Cilag) tested under the same experimental conditions were used as the references. MIC values were expressed as the average value from 10 measurements for C. albicans and from 6 for non-albicans Candida.
Results and discussion
Chemistry
Using the reaction with sulfinylbis[(2,4-dihydroxyphenyl)methanethione] (STB) suitable nitrogen bases-amines, hydraznes or hydrazides-new compounds with an additional heterocyclic ring have been obtained ( Fig. 1; Table 1 ). Initially, the process was carried out according to the electrophilic substitution to lead to the corresponding thioamides. The final compounds were afforded by the elimination of HF molecule (compounds 3, 4, 6, 7) or HCl (8, 12) leading to thiazole or thiazine rings, respectively. Formation of an azine ring was an effect of H 2 S elimination (compounds 5, 10, 11). In the case of the substrates possessing the carbonyl group, cycloaddition took place and a thiazine or thiazole ring was obtained with the additional hydroxyl group (1, 2) . Formation of the fused 4H-3,1-benzothizin-4-on system was an effect of the elimination of the corresponding amine (9) [5] .
The synthesis was performed in methanol under reflux (2-3 h) with moderate to good yields (64-88%), as outlined in Fig. 1 . The composition and properties of products 1-12 are summarized in Table 2 . Purity of the compounds was monitored by the reversed-phase HPLC (CP-18, methanol-water mobile phase). The log k values of the compounds for the selected system are collected in Table 2 . The other analytical data of the compounds confirmed the proposed constructions.
The OH substituents of the compounds were usually registered as broad singlets at ca. 10-12.5 ppm by 1 H NMR spectroscopy. OH protons were exchangeable in D 2 O. Similar data for other derivatives with the benzenediol moiety were obtained [40] . A strong band in the region of about 1630-1600 cm -1 was recorded which corresponds to the m (C=N) bond in the IR spectra. The bands in the range of ca. 3500-3150 cm -1 confirmed the presence of OH groups. The C=O moiety was observed for compounds 1 and 10. In the case of compounds 2 and 5, the carbonyl group of the substrates was not observed. In the EI-MS, the molecular ion peak M ? of varying intensity was registered. 
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Biological activity
Cytotoxic activity in vitro of two compounds, 3 and 11, was assessed against four human cancer cells. Their potency was expressed as IC 50 [lM] which is the concentration of the substance that inhibited the proliferation rate of tumour cells by 50% as compared to the untreated control cells. The results of the tests are presented in Table 3 . They show that both compounds display substantial activity against all studied cells, similar to that of cisplatin. Antifungal potency of the selected compounds was assessed in vitro against five strains of phytopathogenic fungi ( Table 4 ). The research was carried out at two different concentrations: 20 and 200 lg/mL. They show that the antifungal potency of compounds is varied, and that the highest activity was found for compound 7 with the 5,6,7,8-tetrafluoro-1H-benzo[e] [1, 3, 4] thiadiazine ring. At the concentrations of 200 and 20 lg/mL the derivative showed fungistatic action against A. alternate, P. cactorum and B. cinerea at the levels of 41-60% and 21-40%, respectively. The compounds under consideration show lower potency compared to the previously described analogs with the 2,4-dihydroxyphenyl moiety [36] . Antifungal activity of the compounds against pathogenic fungi was also estimated. It was expressed as the average MIC values against several clinical strains of C. albicans and non-albicans Candida as well as against the reference strain of C. albicans (Table 5 ). The results show that the non-albicans Candida clinical isolates are more sensitive to the considered compound than those of C. albicans. The strongest antifungal activity was observed for compound 7.
To estimate drug-likeness of the compounds, their molecular descriptors were calculated in silico (Table 6 ) and Lipinki's rule of five was applied [48] . The partition coefficient of compounds was determined in two different ways: log P and clog P ( Table 6 ). The results show that the compounds with the exception of compound 12 meet the Lipinki's criterion and possess drug-like properties.
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